Tick-borne fever (TBF) caused by the bacterium *Anaplasma phagocytophilum*(formerly *Ehrlichia phagocytophila*) and transmitted by the tick *Ixodes ricinus*is a common disease in domestic ruminants on the west coast of southern Norway \[[@B8]\]. TBF in cattle and sheep is characterized by high fever, reduced milk yield, inclusions in circulating neutrophils, leucopenia, abortions and reduced fertility. In cattle, the incubation period after experimental inoculation is 4--9 days and the fever period may last for 1--13 days \[[@B6],[@B2]\]. *A. phagocytophilum*infection normally gives mild to moderate clinical signs, but serious complications including deaths have been observed \[[@B15],[@B5]\]. Clinical signs in cattle may include depression, decreased appetite, coughing, nasal discharge, respiratory signs, swelling of the hind limbs and stiff gate \[[@B6],[@B2]\]. However, the most serious problem associated with TBF, especially in sheep, is the following immunosuppresion, which may predispose to secondary infections \[[@B16]\]. The infection can therefore cause severe lamb losses on tick pasture \[[@B17]\]. In addition, indirect losses such as reduced growth rate have been observed in both young cattle and lambs infected with *A. phagocytophilum*\[[@B14],[@B11]\].

Serological analysis in sheep and wild cervids from southern Norway indicate that *A. phagocytophilum*infection is abundant on tick-infested pasture \[[@B10],[@B12]\]. The northernmost case of TBF diagnosed so far has been in the county of Sør-Trøndelag (63°43\'N) \[[@B9]\], although permanent populations of *I. ricinus*have been found much further north \[[@B4]\]. Except for *Babesia divergens*infection in cattle, tick-borne infections in mammalians have not earlier been diagnosed in North Norway \[[@B8]\].

In February 2004, seven pregnant cows were brought from a tick-free area in southern Norway to a farm (Farm A) in Brønnøysund (65°26\'N), North Norway, in order to synchronize calving time (Figure [1](#F1){ref-type="fig"}). The whole flock was turned out on pasture in April/May. Three weeks later four of the purchased animals contracted high fever (40.9--41.2°C) within a period of four days, and two more cows showed high fever one week later. Thus, six of the seven purchased cows reacted with high fever and reduced milk yield. In contrast, clinical signs were not seen in local cattle.

![Geographic distribution of *Anaplasma phagocytophilum*infection in mammals in Norway (grey area). The latitude for the northern and next most northern case are marked in brackets.](1751-0147-46-167-1){#F1}

Tick-borne infections were not suspected at that time, and serological testing for antibodies against several respiratory viruses, i.e. bovine coronavirus, bovine parainfluenza virus, infectious bovine rhinotracheitis virus, and bovine respiratory syncytial virus was inconclusive. Three of these cows became seriously ill and were later euthanasied. *Post mortem*examination of two cows showed paretic mastitis and endocarditis/polyathritis, respectively, while autopsy of the third cow gave inconclusive results. Unfortunately, no serum or tissue samples were stored for later examination.

In order to replace the lost animals, the farmer received on July 15 three cattle from a farm (Farm B) located in the same municipality as Farm A. The distance between these two farms is around 30 km. Nine days later one of these animals, a three-year-old milking cow, became ill. The most characteristic clinical signs were high fever (\>41.0°C), anorexia and a sudden drop in milk yield. No ticks were observed on the cattle. The rectal temperature during the following week varied from 41.2 to 39.5°C. EDTA-blood and whole blood samples were collected on July 30 and a blood smear were prepared and stained with May-Grünwald Giemsa. *A. phagocytophilum*inclusions were detected by light microscopy in 34% of the neutrophils.

In order to investigate if other cattle on Farm A had been exposed to *A. phagocytophilum*, EDTA and whole blood samples were collected on August 10. The flock size at that time was 15 milking cows and 11 calves. In addition, serum samples from cattle on Farm B were collected (Table [1](#T1){ref-type="table"}). This flock consisted of 18 milking cows and 14 calves/heifers.

###### 

Blood samples from cattle analyzed for *A. phagocytophilum*infection by blood smear examination, PCR analyses and specific antibodies in the Brønnøysund area.

           Positive   IFA-antibodies                              
  -------- ---------- ---------------- ----- ---- --------------- ------------------
  Farm A   13         1                1\*   14   14 (100%)       2.81 ± 0.279\*\*
  Farm B   \-         \-               \-    18   4 (22%)\*\*\*   1.98 ± 0.391

\- no samples

\* GenBank accession numbers: [M73220](M73220) and [AJ242784](AJ242784)

\*\* Statistical significant difference in antibody titre was not observed between indigenous and purchased cattle

\*\*\* Only adults

Blood smears were prepared from EDTA-blood and stained with May-Grünwald Giemsa. A total of 400 neutrophils were examined on each smear by light microscopy; the number of cells containing *Anaplasma*inclusions was recorded, and the percentage of infected neutrophilic granulocytes was calculated. The EDTA-blood was also analysed for *A. phagocyophilum*infection by PCR amplification and DNA sequencing.

Briefly, total genomic DNA was isolated from tissue and blood samples using a commercially available kit (DNeasy Tissue kit; QIAGEN) and the DNA content was measured spectrophotometrically. Samples were subjected to a semi-nested PCR strategy, using primers 16S-F5 (5\'-AGTTTGATCATGGTTCAGA-3\') and ANA-R4B (5\'-CGAACAACGCTTGC-3\') for initial amplification of a 507 bp fragment of the 16S rRNA gene in *A. phagocytophilum*. The subsequent semi-nested reaction with primers 16S-F5 and ANA-R5 (5\'-TCCTCTCAGACCAGCTATA-3\') produced a 282 bp fragment. The amplified products of the initial PCR were diluted at 1:100 in distilled water, and 2 μl used as a template in the second reaction. PCR was performed in 25 μl reaction volumes containing 2.5 mM MgCl~2~, 0.2 mM dNTPs, 0.5 μM of each primer, 0.7 U AmpliTaq Gold enzyme (Perkin Elmer), and approximately 100 ng of DNA. Cycling parameters were 95°C for 5 min, followed by 3 cycles of 94°C, 55--52°C (touchdown of 1.0°C per cycle), and 72°C for 30 s each, another 35 cycles (25 cycles for the semi-nested reaction) of 94°C, 52°C and 72°C for 30 s each, and finally a 5 min incubation at 72°C.

*A. phagocytophilum*variants were detected by direct DNA sequence determination of PCR products. The PCR products were sequenced in both directions using Big Dye terminator cycle sequencing chemistry and capillary electrophoresis on an ABI 310 instrument (Applied Biosystems). Sequences were visually inspected from chromatograms.

Serum samples were analysed for antibodies to *A. phagocytophilum*. Since strong serological cross-reactions between all members of the *A. phagocytophilum*group have been reported \[[@B3]\], the sera were analysed using an indirect immunofluorescence antibody assay (IFA) with a horse isolate (formerly *Ehrlichia equi*) as antigen. A titre of 1.6 (log~10~reciprocal of 1:40) or more was regarded as positive \[[@B1],[@B10]\].

A total of 13 EDTA-blood samples from 12 cows were collected from Farm A. In addition, 14 and 18 serum samples were analysed from Farm A and B, respectively. Results from blood smear examination, PCR analyses and serology are shown in Table [1](#T1){ref-type="table"}. One cow from Farm A was positive by PCR analyses and gene sequencing, i.e. the cow with clinical signs in July. A simultaneous infection with two 16S rRNA gene variants of *A. phagocytophilum*was found.

Only newly purchased animals on Farm A developed clinical disease. Lack of clinical signs in *A. phagocytophilum*infected cattle may be due to several factors, including cattle breed resistance, genetic variants of *A. phagocytophilum*, and acquired immunity. Breed resistance may be excluded since all cows involved belonged to Norwegian Red Cattle. Earlier studies in sheep and cattle indicate that several variants of *A. phagocytophilum*exist and that these variants may cause different clinical and serological responses \[[@B15],[@B13]\]. The genetic variant(s) involved in cattle on Farm B is, however, unknown.

In the present study, immunity in indigenous cattle may have been acquired through exposure to *A. phagocytophilum*during previous pasture seasons. Calves and young animals may show no signs of clinical infection, except for a moderate temperature reaction \[[@B15]\]. This immunity may be insufficient to prevent later infection from *A. phagocytophilum*, but may be sufficient to prevent clinical signs \[[@B7]\].

Serological results in cattle on Farm A indicated a widespread exposure to *A. phagocytophilum*. Although few ticks were seen on the animals, earlier studies indicate that exposure to the bacterium may be common even on pastures with no apparent tick infestation \[[@B11]\]. It may be mentioned that cases of babesiosis had earlier been observed on this farm.

Serological results indicate that cattle on Farm B were also exposed to *A. phagocytophilum*, although tick-borne infections have never been observed on this farm. The sensitivity of the serological test could have been increased if a strictly homologous antigen had been used, but such an antigen was unfortunately not available.

Experimental infection studies in cattle showed that specific antibodies to *A. phagocytophilum*disappeared between 120 and 210 days after initial exposure \[[@B5]\]. In the present case, the infected cow may have been exposed to the bacterium before it arrived at Farm A. However, the incubation period, fever reaction and serological response indicate that the cow had no previous immunity to *A. phagocytophilum*. Earlier observation indicates that initial exposure on an endemic pasture increases the risk of clinical anaplasmosis \[[@B7]\].

The geographical distribution and clinical aspects of this infection in cattle in Norway are unknown. Three of the seven cows that were brought from southern Norway to Farm A became seriously ill after showing clinical signs of acute *A. phagocytophilum*infection \[[@B15]\]. Two of these three cattle developed paretic mastitis. Acute mastitis has also earlier been observed in connection with this infection in cattle \[[@B15],[@B5]\]. In the three cases, however, *A. phagocytophilum*infection could not be confirmed due to lack of samples.

In conclusion, the present study documents that *A. phagocytophilum*infection exists in North Norway and indicates that the bacterium has been present but unnoticed in the area for years. Further investigation will be needed in order to characterize genetic variants involved in *A. phagocytophilum*infection in cattle.
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